Flooding induced several physiological and morphological changes in Fraxinus pennsylvanica seedlngs, with stomatal closure among the earliest responses. Subsequent changes included: reduction in dry weight increment of roots, stems, and leaves; formation of hypertrophied lenticels and production of adventitious roots on submerged portions of the stem above the soil line; leaf necrosis; and leaf abscission. After 15 days of stomatal closure as a result of flooding, stomata began to reopen progressively until stomatal aperture was similar in flooded and unflooded plants. Adventitious roots began to form at about the time stomatal reopening began. As more adventitious roots formed, elongated, and branched, the stomata opened further. The formation of adventitious roots was an important adaptation for flooding tolerance as shown by the high efficiency of adventitious roots in absorption of water and in high correlation between the production of adventitious roots and stomatal reopening.
Several investigators have emphasized that Fraxinus pennsylvanica Marsh. is highly tolerant of flooding. This species occurs on alluvial soils along rivers and brooks. It is commonly found on land that is subject to periodic flooding and grows vigorously even when flooded for much of the growing season (2, 7, 17) .
The high flooding tolerance of certain species of forest trees has been attributed to one or more adaptive mechanisms, including compensation for poor aeration of the normal root system by production of AR. Often species that survive flooding best are those that form AR3 at, or below, the water line (5, 6, 14, 20, 21) . Although some investigators considered such roots to be merely symptoms of flooding stress (7), others concluded that the capacity of some species to survive flooding depended wholly or partly on the activity of AR (1, 1 1). Clemens et al. (4) showed that flooding tolerance of three species was in the following order: Eucalyptus grandis > Eucalyptus robusta > Eucalyptus saligna and that this order was correlated with capacity for production of AR. Our previous experiments (18) indicated that stomatal closure of several species of woody plants was one of the earliest responses to flooding. There is some evidence (13) Initial dry weights were obtained separately for leaves, stems, and roots after drying at 70 C for 48 h. The plants of groups b and c were transferred to a growth chamber in which PAR was 226 pE m2 s ' 20 cm above the pots; daylength was 16 h beginning at 0700 h; day and night temperatures were 25 and 20 C, respectively; and RH was approximately 80%Yo.
After 11 days in the growth chamber, plants of group c (10 of each age class) were flooded by immersing the pots in tubs of water for 30 days. The water level was maintained at 2 cm above the soil line. Unflooded control plants were watered daily. Three days after termination of flooding, both flooded and unflooded plants were harvested. Roots, stems, and leaves of each plant were separated and their dry weights were determined.
Leaf Diffusion Resistance. We monitored r for plants used in the previous experiment. Environmental conditions were as previously described. For the 10 flooded and 10 unflooded plants of each age class, ri was determined for the abaxial surface of one fully expanded leaf per plant. Measurements of ri were initiated 1 week after the plants were transferred to the growth chamber. A Lambda porometer was used to monitor ri daily for 3 days before flooding, for 30 days during flooding, and for 3 days after flooding was discontinued. During the 3 days before flooding, ri was measured once daily at 0800 h. Thereafter, measurements were made eight times daily at 2-h intervals beginning at 0800 h. The porometer was calibrated in the growth chamber at 25 C by the procedure described by Kanemasu et al. (12 Hence, root to shoot ratios of both age classes were also greatly reduced by flooding. After 4-month-old seedlings were flooded for 70 days, the AR that developed on the submerged portion of the stem comprised 15% of the dry weight of the total root system and 21% of the dry weight of the roots up to 1 mm in diameter (Table I) .
Leaf Diffusion Resistance. During the 3 days before flooding, r1 at 0800 h was low and similar for both flooded and unflooded seedlings of both age classes. Thereafter, in unflooded plants, r, values remained consistently low and did not exceed 10 s cm-' during the 37 days of the study (Fig. 3) .
Flooding greatly increased r1 within 1 day in 8-week-old plants and within 2 days in 10-week-old plants. The (Fig. 5) . Although ri readings in the greenhouse were taken once only, they were also higher in WAR plants (e.g. AR = 4.7, WAR = 9.8 s cm-2), suggesting that stomata were more open in plants with AR. Leaf surface areas and leaf dry weights of AR and WAR plants did not differ significantly. There were no significant differences for r, values taken at 0900 and 1400 h within the same treatment in the growth chamber experiment. Transpiration decreased slightly for 2 days after the AR were severed from the stem (Fig.   5 ), but the decrease was not statistically significant.
Absorption of Water. After 4-month-old seedlings were flooded for 70 days, both normal and AR contributed to total water uptake. The rate of absorption by AR was slightly higher than absorption by the original roots for the first 4 days and slightly lower thereafter (Fig. 6) The formation of AR appeared to be an important adaptation for flooding tolerance as shown by two lines of evidence: (a) AR were very efficient in absorption of water; and (b) production of AR was correlated with stomatal reopening in flooded plants.
The high efficiency of AR in absorption of water was demonstrated by the much higher transpiration rates in plants with AR than in those without them. The potometer experiments showed that water uptake of flooded plants on a leaf area basis was approximately 80 to 90% higher in plants with AR than in those lacking such roots.
The observation that severing of AR from the stem did not greatly influence transpiration rates might appear to deemphasize the importance of AR in water absorption of flooded plants. Clarkson and Sanderson (3) showed that root pruning had little effect on the amount of water transpired by barley plants because water flux through the remaining roots was increased. Compen- satory water absorption by the remaining roots also apparently occurred in the present study because transpiration was reduced slightly for 2 days after the AR were excised and then recovered. -j ----x---1.
